Soybean rhizobia were isolated from two soils with different cropping histories from Hubei province in central China. The first, from Honghu county, has been under soybean cultivation for decades. All of the isolates obtained from nodules on soybeans growing in this soil were fast-growing, acid-producing rhizobia. However, slow-growing, alkali-producing isolates were obtained at higher dilutions of the same soil. The second soil, from Wuchang county, has been under rice cultivation with no record of previous soybean cultivation. All of the soybean rhizobia recovered from this soil, and at higher dilutions of the soil, were typical slow-growing, alkali-producing isolates. The isolates from both soils were grouped by using intrinsic antibiotic resistance, gel immunodiffusion, and fluorescent-antibody procedures. Representative isolates were tested for symbiotic effectiveness with four soybean cultivars (Peking, Davis, Williams, and Ai Jiao Zao) in a pot experiment. There were significant cultivar-rhizobial interactions. Moreover, on each cultivar, there was at least one fast-growing isolate among these new rhizobia that was as effective as the highly effective slow-growing reference strain USDA 110.
Bacteria of the genus Rhizobimn nodulate and fix nitrogen in symbiosis with many legumes. The various species in this genus make up two broad groups of fast-and slow-growing strains based on growth rate and effect on the pH of yeast extract-mannitol (YEM) medium (12, 26) . On the basis of these and other fundamental differences, the slow-growing strains were transferred to a newly named genus (Bradyrhizobiiiin gen. nov.), while the fast growers were retained in the genus Rhizobiinm (11) . This new taxonomy, however, does not readily accommodate fast-growing soybean rhizobia.
Soybeans are considered to be commonly nodulated by slow-growing rhizobia only. Recently, Keyser et al. (14) reported fast-growing strains of rhizobia isolated from soybean root nodules collected in the People's Republic of China. Studies have shown these fast-growing soybean rhizobia to be distinct in their microbiological and symbiotic properties from the "typical" slow-growing type (15, 19, 22) .
Initial studies on the symbiotic effectiveness of the fast growers set forth the notion that they are effective only with certain soybean genotypes from Asia but are generally ineffective with several North American-adapted soybeans (14) . Subsequent studies revealed greater diversity in the symbiotic response between fast growers and soybean cultivars (8, 22, 23) , with fast growers forming effective symbioses with several commercial soybean cultivars.
Since China is the center of origin of soybeans (10) and presumably of their rhizobia, studies in China of the composition of indigenous populations of soybean rhizobia are particularly important. Since one of us (S.F.D.) was in China for 16 months we had the opportunity to compare the indigenous populations in two soils with different cropping histories. In this study we show that in an uninoculated soybean field although effective slow-growing soybean rhizobia were present in relatively high numbers the majority of nodules were formed by fast-growing rhizobia. Since the soils had been in cold storage, the rhizobial population was stimulated by growing soybeans. After 10 days the seedlings were removed. Rhizosphere soil was collected by carefully removing the seedlings, gently shaking the intact root system to remove soil loosely adhering to the roots, and placing the root system with the remaining soil adhering to the roots in 100 ml of YEM (25) salts. The rhizosphere soil suspensions were shaken for 15 min on a wrist-action shaker. Five 10-fold serial dilutions of the suspensions were made, and 1 ml of each dilution was added to soybeans planted in sterile vermiculite. In addition, soybeans were planted directly in the enriched soil. Eight prepared from sera against the somatic components of soybean rhizobia strains by the procedures of Schmidt et al. (20) . Gelatin-rhodamine isothiocyanate (3) was used to suppress nonspecific adsorption. The microscopy techniques have been described elsewhere (18) . Immunodiffusion. Immunodiffusion procedures have been described elsewhere (16) . Antigens for immunodiffusion analyses were prepared from cells grown on the surface of B5 (6) medium. Cells were harvested from agar flats after 3 days of growth, suspended in 0.85% saline containing thimerosal (1:10,000, final concentration), and stored at 40C until use. Gels were incubated for 6 days in a moist, dark chamber at room temperature, rinsed exhaustively for several days with frequent changes of 0.85% saline solution, stained with amido black (0.1% amido black, 4.25 x 
RESULTS
The method used to enrich and isolate rhizobia from the two soils yielded a heterogeneous population of indigenous rhizobia (Table 2 ). In the Honghu soil, which has a long history of soybean cultivation, fast-growing isolates were predominant. Moreover, different isolates (i.e., belonging to different IAR groups and having different gel immunodiffusion patterns) were obtained at the various dilutions of the rhizosphere soil. Slow-growing isolates were also present in this soil in high numbers as indicated by their recovery at the higher dilutions of the rhizosphere soil. In the Wuhan rice soil, with no prior record of soybean cultivation, only slow-growing isolates were recovered. The slow-growing isolates were tested for serological affinity with strainspecific FAs. Nearly 100% of the isolates from the Wuhan soil could be identified with three FAs: FA USDA 110, FA CB1809, and FA USDA 31. The slow-growing isolates from the Honghu soil did not react with any of the 13 FAs tested.
The fast-growing isolates were grouped according to their intrinsic resistance to low levels of antibiotics (Table 3) . There were eight patterns of antibiotic resistance among the fast growers (Table 4 ). The differences detected among the slow-growing isolates were primarily due to the slowgrowing isolates from the Honghu soil.
The results of immunodiffusion cross-reactions of two fast-growing isolates from each IAR pattern with somatic (1) cell antisera produced against fast-growing soybean rhizobia strains USDA 192, 194 , and 205 are summarized in Table 5 . The reactions with somatic antisera indicated serological relatedness between some of the Honghu isolates and the USDA fast-growing strains reported previously. Of the 15 isolates tested, 7 formed at least one precipitin band with antisera produced against USDA 205, two isolates formed one band with USDA 194, while the remaining isolates formed no bands. The reactions with whole-cell antisera (data not shown) could not be used to separate the isolates into serogroups, as all of the isolates shared several heatlabile antigens.
Two slow-growing isolates, WU002 and WU006, which cross-react with FA CB1809 and FA USDA 110, respectively, and two fast-growing isolates, HH103 and HH303, were selected, and mean generation times were determined in two media (Table 6 ). One known slow-growing strain, USDA 110, and one known fast-growing strain, USDA 205, were included as reference strains. In complex medium (YEM) the fast-growing isolates had mean generation times three to four times lower than the slow-growing isolates, while in a defined medium (Bishop) they were four to five times lower. The fast growers acidified both media while the slow growers made both media more alkaline.
The three fast growers tested were able to nodulate V. unguiculata, M. atropurpureum, and S. cannabina, but Table 7) . The responses of four soybean cultivars to inoculation with fast-and slow-growing isolates are presented in Tables  8 and 9 . There were significant cultivar-strain interactions. Among the slow growers from the rice soil, one of the predominant isolates, WU002, formed an ineffective symbiosis with cultivar Ai Jiao Zao. One slow-growing isolate, HH401, from the soybean soil formed effective nodules on the cultivar Peking but induced chlorosis on the leaves which resulted in reduced plant weight. The fast growers were highly effective on the two cultivars from China, Peking and Ai Jiao Zao, whereas they were generally less effective on the two North American cultivars, Williams and Davis. It is important to note, however, that on each cultivar tested there was at least one fast-growing isolate that was as effective as the highly effective slow-growing reference strain USDA 110.
DISCUSSION
The methodology to isolate rhizobia from soil was similar to a method used by Belser and Schmidt (1) to isolate ammonia-oxidizing nitrifiers. They obtained different genera of nitrifiers at different dilutions of the soil. In our study, slow-growing rhizobia were recovered in the soybean soil at higher dilutions presumably because the soil factors contributing to competitiveness were less emphatic. The advantage of this methodology for analyzing the composition of an indigenous population is the possibility that bacteria might be recovered independent of their competitive ability. Initial sampling of nodules from soybeans growing in the Honghu field revealed that 100% of the nodules contained fastgrowing rhizobia (data not shown), indicating that the recovery of fast-growing rhizobia in this study was not peculiar to our methodology.
The fast-growing soybean rhizobia reported previously (14) were isolated from soybean root nodules collected in four east-central provinces. In this study fast growers were isolated from a soil in Hubei province in central China where agriculture is primarily paddy rice with only scattered acreage of soybeans. The implication is that fast-growing soybean rhizobia may be a common component of the natural microflora in China. In contrast to the soybean soil, the indigenous soybean rhizobia in the rice soil consisted only of the slow-growing group. Despite the fact that paddy rice, but never soybeans, had been cultivated in this soil, soybean rhizobia were present, albeit in low numbers (data not shown). In China, it is common for soils to contain soybean rhizobia irrespective of their cropping histories, presenting a particular challenge when introducing highly effective inoculum strains on soybeans. In the United States, in soils where soybeans have been grown previously, establishment of selected inoculum strains of rhizobia has been largely unsuccessful due to competition from indigenous rhizobia (7, 17, 24) . It is interesting that the bulk of the slow growers in the rice soil cross-reacted with FAs prepared against strains USDA 110 and CB1809, two highly effective and widely used inoculum strains (H. H. Keyser, personal communication).
In addition, two of the more extreme rhizobium-cultivar interactions reported in the literature were encountered in our limited sampling: the bacterium-induced chlorosis (5) (14) reported that the fast growers nodulated M. atropiurpureum, S. cannabina, and G. max cv. Williams ineffectively, whereas some of the isolates in this study formed an effective symbiosis on these hosts. The highly significant cultivar-strain interactions, not found with the slow growers to the same extent, deserve further investigation which could lead to identification of the genes responsible for host-strain specificity. So far as we are aware, this is the first report illustrating the predominance of fast-growing soybean rhizobia under natural conditions. This belies the conclusion that fastgrowing soybean rhizobia represent an anomalous situation of little practical significance. Since the results presented in this study emanate from samples taken from one soybean field in China, we must exercise restraint in making generalizations. More collections from similar fields in China are required to establish a better understanding of indigenous soybean rhizobia populations. However, we did find: (i) in a soil that has been under soybean cultivation for decades fast-growing rhizobia were predominant; (ii) this population had diverse microbiological and symbiotic characteristics; (iii) there were highly significant cultivar-strain interactions; and (iv) in a rice soil that had no prior history of soybean cultivation the predominant soybean rhizobia were effective slow-growing strains.
